Using the readiness potential of button-press and verbal response within spoken language processing by Jansen, Stefanie et al.
Basic Ne
Using
withi
Stefani
a Experimen
b Psycholing
c Collaborat
h i g h
• Detectio
• Even if i
• In contr
detectio
a r t i c
Article histo
Received 9
Received in
Accepted 2
Keywords:
EEG
Turn-taking
Event-relat
Button-pre
Language p
1. Introd
A num
processin
∗ Corresp
feld Univers
fax: +49 05
E-mail a
http://dx.do
0165-0270/Journal of Neuroscience Methods 232 (2014) 24–29
Contents lists available at ScienceDirect
Journal of Neuroscience Methods
journa l homepage: www.e lsev ier .com/ locate / jneumeth
uroscience
the readiness potential of button-press and verbal response
n spoken language processing
e Jansen a,c,∗, Hendrik Wesselmeier a,c, Jan P. de Ruiter b,c, Horst M. Mueller a,c
tal Neurolinguistics Group, Faculty of Linguistics and Literary Studies, Bielefeld University, Bielefeld, Germany
uistics Group, Faculty of Linguistics and Literary Studies, Bielefeld University, Bielefeld, Germany
ive Research Centre “Alignment in Communication” (SFB 673), Bielefeld University, Bielefeld, Germany
l i g h t s
n of readiness potential onset represents a preconscious measure for end-of-turn anticipation in a language dialogue.
t is a language task it can be applied equally well to both verbal and ﬁnger movement responses.
ast to behavioural reaction time tasks the EEG-measurement produces more reliable data for the anticipation performance in end-of-turn-
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Background: Even though research in turn-taking in spoken dialogues is now abundant, a typical EEG-
signature associated with the anticipation of turn-ends has not yet been identiﬁed until now.
Newmethod:Thepurposeof this studywas to examine if readiness potentials (RP) canbeused to study the
anticipation of turn-ends by using it in a motoric ﬁnger movement and articulatory movement task. The
goal was to determine the preconscious onset of turn-end anticipation in early, preconscious turn-end
anticipation processes by the simultaneous registration of EEG measures (RP) and behavioural measures
(anticipation timing accuracy, ATA). For our behaviouralmeasures, we used both button-press and verbal
response (“yes”). In the experiment, 30 subjects were asked to listen to auditorily presented utterances
and press a button or utter a brief verbal response when they expected the end of the turn. During the
task, a 32-channel-EEG signal was recorded.
Results: The results showed that the RPs during verbal- and button-press-responses developed similarly
and had an almost identical time course: the RP signals started to develop 1170 vs. 1190ms before the
behavioural responses.
Comparison with existing methods: Until now, turn-end anticipation is usually studied using behavioural
methods, for instance by measuring the anticipation timing accuracy, which is a measurement that
reﬂects conscious behavioural processes and is insensitive to preconscious anticipation processes.
Conclusion: The similar time course of the recordedRP signals for both verbal- andbutton-press responses
provide evidence for the validity of using RPs as an online marker for response preparation in turn-taking
and spoken dialogue research.
© 2014 Elsevier B.V. All rights reserved.
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 long or even longer than the time needed for articulation.
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 after presentation (McGregor et al., 2012). In a word read-
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 to selective response activation processes. Many stud-
e insights into temporal aspects in language processing
alysis (e.g., Swaab et al., 2012) or spectralanalytic tech-
.g., Schack et al., 2003) but only a few are using a RP in this
e.g. Brunia et al., 2012; McArdle et al., 2009). However,
 is possible to investigate RPs in an auditory experimen-
g it is still unclear if it could be evaluated in a natural
 production task including articulator movement. Conse-
his study examines turn anticipation using the RPs of the
A-responses in an auditory task as correlative for verbal
 responses. The RPs serve as our dependent measure, in
to the recorded behavioural data.
 considerations permit us to specify our main research
: (A) Can we use RPs to detect the early onset of precon-
ticipation processes in a language comprehension task?
does this work at least equally well for button-press and
TA) responses?
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articulator-movement (verbal response). The voice key
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2. Button 232 (2014) 24–29
red manually. We  were able to specify the exact begin-
he articulation according to the recorded microphone
l of 88 auditorily presented stimuli were used includ-
estions and 20 declarative sentences demanding a verbal
 and 43 declarative sentences which required button-
ponses by using a bounce-free pushbutton.
recordings
EG recordings were conducted in a soundproof and elec-
tically shielded booth. EEGs were recorded from 32
alp electrodes embedded in a cap (ActiCap, Brain Prod-
o electrodes were ﬁxed on the left and right canthi, one
 vertically (supra-orbitally) below the right eye, and 2
 the mastoids bilaterally. Signals were sampled at 1000 Hz
iﬁed with a 50 Hz notch ﬁlter and a bandpass of 0.16–80 Hz
p, Brain Products). Impedance was kept below 5 k for
els. Motoric responses (button-press) were recorded using
tton-box. Verbal responses were recorded by microphone
d to the EEG recording as a separate channel.
 analysis
ded EEG data was screened for artefacts via visual inspec-
g the Brain Vision Analyzer 2.0 (Brain Products). The
g and end of each critical and control sentence were
 and marked for each of the 30 participants. The ver-
nses and button-presses were also marked. For statistical
a marker-table was  exported such that the relevant epochs
ilable. For each condition, the minimum and maximum
 times were recorded and the mean RT and SD were calcu-
le 1). All reaction times exceeding 250 ms were excluded
 5% in each case). All analyses and calculations were done
version 20, IBM) under Mac  OS X.
o analysis, data were re-referenced to the average of the
 all channels at each time point. Every trial was inspected
matically by using the Brain Vision Analyzer 2.0 software
pleted by a visual inspection for artefacts (rejected seg-
5%). As a ﬁrst step of displaying the ERP data all verbal
s were averaged and displayed followed by the ERP of all
sponses. For RP detection, the average for all epochs was
d separately for both conditions. The RPs of all 30 par-
 were evaluated among the grand average of all data. All
yses were done with BrainVision Analyzer 2.0. To eval-
onsets of RPs, a combination of regression analyses and
as done to deﬁne the RP onset as a deviation from the
(SPSS 20). The applied method corresponds to that of
nau et al. (1998) and deﬁnes the LRP onset as a kind
 point” between the two intersecting straight lines that
ed to the RP waveform. This means that one line is ﬁt-
e baseline – equivalent to a “pre-onset” line – (by t-test)
ther line is ﬁtted to the segment that rises to the peak n ATA (ms) Min  (ms) Max  (ms) SD
response 450 85.7 −857.0 250.0 141.7
-press response 653 50.8 −1179.0 250.0 181.9
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Fig. 1. Comparison of Grand Averages (30 participants) of RP waveforms of button-press responses at the elctrodes C3 and C4 including each of 43 responses including a
regression-  index
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